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Abstract: Waste or by-product use is in focus for reducing the environmental threat and acquiring
wealth out of waste. The current study aim was to investigate the effects of ultrasound pretreatment
on the extraction of bioactive compounds and composition of essential oils extracted from citrus
waste. The response surface methodology (RSM) was used to optimize higher yield extraction
parameters. Pretreatment of ultrasound-assisted extraction recovered 33% enhanced yield with re-
duced time and was economical as compared to conventional hydro-distilled process. The functional
quality of essential oil was determined using FTIR and GC-MS. Antioxidants from citrus peel and
pulp/pomace were extracted and analyzed by spectroscopic techniques. The quantification of bioac-
tive compounds from citrus waste was performed using high performance liquid chromatography
(HPLC). Mass transfer rate of antioxidants from peel and pomace were 30% increased as a result
of ultrasound-assisted treatment. The significantly (p ≤ 0.05) higher TPC (735.54 mg/100 g) and
antioxidant activity (44.26%) was recorded in Citrus sinensis Pulp and peel respectively. The bioactive
compounds such as hesperidin (31.52 mg/100 g) was significantly higher in (p ≤ 0.05) in Citrus
sinensis pulnd extract. Vanillin was found 1.21 mg/100 g in peel extract of citrus fruit, moreover
vanillin was not detected in pulp extract. Myrecitin was not detected in both the samples. The
bioactive natural compounds extracted from citrus peel can be used in food and pharma sector as
natural anti-oxidantcompounds.

Keywords: citrus waste; ultrasound pretreatment; hydro-distillation method; response surface
methodology; antioxidants

1. Introduction

Citrus is a valuable fruit crop grown worldwide and had 124.3 million ton production
annually. Fruit and vegetable processing industries generate considerable amount of solid
waste that contain highly valuable bioactive compounds [1–3]. These by-products are an
excellent source of essential oil and bioactive compounds such as flavones and polyphenols.
The trend for the use of fruit waste to extract valuable compounds and their useindevelop-
ing functional and nutraceutical food products has been increased [4]. Citrus peels contain
the highest amount of polymethoxylated flavones such as nobiletin and tangeretin, as com-
pared to other parts [5,6]. Citrus flavonoids showed excellent functional properties such
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as antiviral, anticancer, anti-diabetic, neuro-protective, and anti-inflammatory activities,
restricts human platelet aggregation atherosclerosis and reduces capillary fragility [7–10].
The flavonoids present in orange peel potential to reduced free radical scavenging activity
and lipid per-oxidation [11]. Essential oils are complex mixtures obtained by physical
process usually distillation or cold-pressing (expression) from a plant or any of its parts.
Essential oils are secondary metabolites of plants and make up the aroma of the plant due
to their fatty liquids that contain esters, aromatic and volatile compounds such as monoter-
penes (n = 2), sesquiterpenes (n = 3), diterpenes (n = 4) with formula (C5H8)n [12,13].
Citrus essential oils can be incorporated in a wide range of products, such as beverages,
foods, medicines, and cosmetics as flavoring agents as well as for aromatherapy. The
polyphenols and essential oils are used as food additives in baked products such as cake,
cookies, biscuits, and bread to increase the nutrient and flavoring agent. They possess
anti-inflammatory, antidepressant, germicidal, antioxidant, anticarcinogenic atherosclerosis
aphrodisiac, anti-septic, carminative, diuretic, tonic, sedative, and cholagouge properties.

In last decade, the importance has shifted to extraction of valuable bio-active com-
pounds and their application as flavoring agent, health supplement, functional food,
nutraceuticals products, food additives, food ingredients and as cosmetics ingredient. The
development of new extraction techniques has received a lot of attention as previous tech-
niques were not efficient and eco-friendly. Several extraction methods such as ultrasound,
microwave assisted extraction (MAE), subcritical water, supercritical fluid extraction (SFE),
hydro-distillation, electromagnetic, and control pressure drop process extraction are based
on efficiency, quality, being economical in terms of time and energy, and having a safe and
sustainable process [14,15]. The peel contains antimicrobial activity which can protect the
fruit from pests and other microorganisms due to presence of bioactive compounds [16]. In
recent years, the focal point of the researcher is to improvement of extraction methods and
to findalternativeways of using fruit and vegetable wastes to extractvaluable compounds
to use for commercial purposes. The ultrasound-assisted extraction (UAE) technique has
been accepted for extract polyphenol and bioactive compounds from herbal oils (ginseng,
saponins, carnosic acid, amaranth oil, carvone, soyabean oil, limonene, almond oil, gin-
gerols, apricot oil), plants (tartaric acid, polyphenols, aroma compounds, anthocyanins,
polysaccharides and functional compounds) or animal (leutin, chitin) materials, and pro-
teins (soy protein) [17–19]. One of the major problems associated with extraction of the
essential oils is oxidation at higher temperatures. Ultrasound has enormous uses in the
food industry such as extraction, processing, preservation, emulsification, homogenization,
etc. [20]. Ultrasound-assisted extraction is an advantageous alternative process due to
a reduced adverse effect on extractable compound, reduction of organic solvents con-
sumption and a reduction in the extraction time [17]. Ultrasound technology used for oil
extraction from peel, seeds and pomace lead to increase in mass transfer by rupturing
the cell wall and formation of micro cavities thus enhance the product yield [21,22]. UAE
extraction method is cheap and rapid technology which resulted higher yield of extraction
compared to other technologies such as SFE and MAE extraction methods moreover the
UAE extraction method do not have any oxidative effects on oil [23–25].

The current investigation was undertaken to understand the effect of ultrasound
pretreatment on the extraction of essential oil and bioactive compounds from peel and
pulp/pomace of citrus fruit. Furthermore, the optimization of extraction process was
performed using RSM and ANOVA. The characterizations were performed by spectropho-
tometric, GCMS, and HPLC techniques to understand the effect of ultrasound pretreatment
on the phytochemicals, volatile composition of essential oil and bioactive compounds of
citrus waste. The current investigation will be beneficial at commercial scale for developing
new products and formulation using bioactive compounds from citrus waste.
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2. Materials and Methods
2.1. Chemical Reagents

Analytical grade of chemical and reagents were procured from Sigma Aldrich Inc.
Banglore, (India), Merk and Thermo Fisher, New Delhi (India).

2.2. Materials

The fresh harvested and homogenous oranges fruit (HybridKing) were purchased from
Azadpurmandi, (New Delhi, India). Procured citrus fruit were thoroughly washed with
200 ppm of chlorinated water to removing surface contamination and peel off to separate
albedo and flavedo. The flavedo part of the peel contains oil glands. Peels (after removal
of albedo) and pulp (after extracting juice) were dried in a vacuum tray dryer at 30 ◦C and
a pressure of 20 KPa for 48 h. The products were collected pulverized, transferred to an
airtight zip lock bag and stored until further use.

2.3. Experimental Design and Statistical Analysis

The optimization of operating parameters of UAE extraction method was performed
by RSM using central composite design and design expert software (10.0.6). The key factors
chosen were time ‘A’ (5, 10, 15, 20 and 25 min), amplitude ‘B’ (30, 40, 50, 60 and 70%)
and ratio of solvent/sample ‘C’ (2:1, 2.5:1, 3:1, 3.4:1 and 4:1) as independent variables.
Preliminary experimental results were used to define the range and central point values of
above mentioned three factors. Response surface with a secondorder polynomial model
was used to correlate responses and changeable parameters. Mean values obtained from
triplicate experiments were used as observed responses at each design point. The variables
were coded according to Equation (1):

X = (Xi − X0)⁄∆X (1)

where X is the coded value, Xi is the corresponding actual value, X0 is the actual value in
the center of the domain, and ∆X is the increment of Xi corresponding to the variation of
1 unit of X.

The mathematical model used for the three-variable CCD is given below Equation (2).
The second order polynomial model, which relates response to the factors, consists of
one intercept term, three squared terms, three two factor interaction terms and three
linear terms:

Y = β0 + β1 A + β2 B + β3 C + β11 A2 + β22 B2 + β33 C2 + β12 AB + β13 AC + β23 BC (2)

where Y is a dependent variable (citrus extract yield), β0 is a model constant; β1, β2 and β3
are the linear coefficients; β11, β22 and β33 are the quadratic coefficients; β12, β13 and β23
are the interaction coefficient; A, B and C are the coded values of the independent variables.

2.4. Ultrasound-Assisted Extraction (UAE)

UAE was carried out at a power of 500 W; working frequency 20 KHz in pulse mode,
and using Ti-Al-V probe equipped Q500 sonicator. Pulse interval and pulse duration
were kept constant for 2 s above mentioned sonication was applied to the mixture of peel
powder sample with solvent. Under the variations of three different processing variables
the extraction was conducted at room temperature (Tables 1 and 2). Ultrasound treated
samples were subjected to hydro-distillation and the distillate was collected in a conical
flask. The oil was then separated using a separating funnel.

Polyphenol extraction was carried out using orange peel/pulp powder and ethanol
atthe ratio of 1:10 (sample to solvent ratio) and subjected to ultrasound treatment for
30 min. The mixture was homogenized and centrifuged at 10,000 rpm for 5 min and filtered
through 0.22 µm poly-tetrafluorethylene (PTFE) filters. The extract was kept at −40 ◦C for
further analysis. Diffusion of cell content through cell wall and washing out cell’s content
after the cell wall breaks, are two phenomena which help in ultrasound-assisted extraction
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(Medina-Torres et al., 2017). The cavitation effect produced in the sample by the ultrasound
waves expedites the release of extractable compounds and cell wall disruption enhances
the mass transfer. Ethanol with low viscosity accelerates the mass transfer and results in
reduced extraction time and increased extraction efficiency.

2.5. Hydro-Distillation

The hydro-distillation method was used to extraction of essential oil from orange peel
powder according to methodology followed by Sikdar et al. [26] with slight modification.
50 g of orange peel powder was dissolved in 500 mL of distilled water and kept for hydro-
distillation for 80 min at 96 ◦C. Subsequently, anhydrous sodium sulfate was used to dry
the sample.EOs yield of extract was calculated using below equation:

Oil yield (%) = (Mass of essential oil (g)/(Weight of dried raw material (g)) × 100

2.6. Quantitative Phytochemical Analysis

Standard protocols were used to quantify the presence of bioactive compounds [27].

2.6.1. Total Phenolic Content (TPC)

TPC of the extract was determined using standard Folin-Ciocalteau (FC) reagent col-
orimetric method followed by Fawole et al. [28]. The diluted FC reagent and samples were
mixed in equal amounts and allow standing for 2 min. Afterthat, 1 mL of sodium carbonate
solution (7.5% w/v) was added in samples and allow incubating in the dark for 90 min.
the absorbance of the mixture was recorded at 765 nm using UV-VIS spectrophotometer
(SHIMADZU, UV-2600, Tokyo, Japan). The TPC of samples extract was calculated and
results are expressed as gallic acid equivalent (mg/100 g) using standard curves of Gallic
acid in various concentrations (20–100 mg/mL) (Figure 1).
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Figure 1. Gallic acid standard curve for determination of TPC.

2.6.2. Antioxidant Activity (DPPHAssay)

DPPH (2,2diphenyl, 1pickrylhydrazyl) assay was used to determine the antioxidant
activity of the samples [29]. 1 mL of sample was immersed with 5 mL of ethanol and then
added 1 mL of DPPH solution (0.5 mM). The solution was mixed well and incubated for
60 min in dark at room temperature. The whole experiment was performed in the dark.
The absorbance of the incubated mixture was recorded using UV-VIS spectrophotometer
(SHIMADZU, UV-2600, Japan) at 517 nm. The DPPH solution was used as reference.
Results of the DPPH were reported as percentage radical scavenging activity computed
using the following equation:

DPPH (%) = (Control Abs − Sample Abs)/(Control Abs) × 100 (3)
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The IC50 values were used to determine the quality of the radical scavenging property.
IC50 (concentration providing 50% inhibition) values were calculated from percentage
disappearance versus concentration plot.

2.7. FourierTransform Infrared (FT-IR) Analysis

The functional groups of essential oil extracted through hydro-distillation and ultra-
sound pretreated samples was analyzed by FTIR spectrometer (Agilent Cary 630) in a
wave number range of 4000–400 cm−1 at room temperature with 32 scans and resolution of
8 cm−1. The IR spectra were reported in % transmittance and IR correlation charts were
used to identify the functional groups. The peaks for both the samples were obtained
at similar wave numbers indicating the presence of the same compounds in both the
samples [30].

2.8. Gas Chromatography Mass Spectrometry (GCMS) Analysis of Citrus EO

Samples were analyzed with a Shimadzu GCMS–TQ 8040 instrument equipped with
AOC—20i series auto-injector and MS detector. The column used for separation was
the Restak Carbowax capillary column (RESTAK Pennsylvania, Bellefonte, PA, USA)
with the standard length, diameter and film thickness of 30 m × 0.25 mm, and 0.25 µm
respectively. Helium was used as carrier gas with a flow rate of 2.64 mL/min, and a
split ratio of 20:1. The injection port temperature was kept at 230 ◦C and 1 µL of sample
was injected through auto-injector. Column temperature was programmed from initial
40 ◦C with a holding time of 2 min, and then increased to 210 ◦C at the rate of 15 ◦C/min
and finally held at this temperature for 5 min. Total analysis time for each sample was
18.33 min. Electron ionization (EI) system with ionization energy 70 eV, the ion source
and the interface temperature maintained at 230 ◦C and detector voltage of 2 kV were
employed for detection. The mass spectrum was acquired at a scan rate of 5553 scan/s
and a mass range of 35–500 amu. The samples were analyzed in duplicate with solvent
delay of 2 min. The data processing was done by GC-MS post run analysis software. The
compounds identification was carried out using on-site NIST mass spectral library.

2.9. High Performance Liquid Chromatography (HPLC) Analysis of Phenolic Compounds

The Waters 2707-HPLC system equipped with thermostatically controlled column
oven and 2996-PDA detector was used for separation and quantification of phenolic
compounds in the extracted sample solution. The samples were filtered through Advan-
tech filters before RP-HPLC analysis. Isocratic elution was performed in a RP18 column
(250 × 4.6 mm × 5 µm) at room temperature and the flowrate of 1.1 mL/min. Acetoni-
trile with 0.1% acetic acid solvent was used as mobile phase. Samples were analyzed
in triplicates using automatic sample injector. Data signals were measured at 360 nm of
PDA detector. External standard method was used for identification and quantification of
phenolic compounds and expressed as mg/100 g of extract [30,31].

2.10. Statistical Analysis

All the experiments were performed in triplicate and reported as Mean ± SD. SPSS (12.0)
software was used to analyze the data using one way ANOVA. Duncan multiple range
test was appointed to performed statistically significance (p < 0.05) difference. The extrac-
tion conditions were optimized using RSM contour plots and regression analysis of the
dependent and independent variables.

3. Resultsand Discussions
3.1. Experimental Design Matrix

Experimental Design Matrix along with the response under study is shown in Table 1.
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Table 1. Experimental ranges and levels of three variables tested in Central Composite Design.

Variables −α −1 0 +1 +α

Extraction Time (mins) A 5 10 15 20 25
Amplitude (%) B 30 40 50 60 70

Solvent/sample ratio C 2/1 2.5/1 3/1 3.5/1 4/1

There are a total of three independent variables and dependent variables (response)
selected under the study was % yield, which were studied by 20 runs (Table 2).The results
indicate that the effect of the time of extraction, amplitude level, and solvent/sample ratio
have equal contribution toward the extract recovery.

Table 2. Experimental designs of the three levels and their experimental results and predictive values.

Run Extraction Time A,
min

Amplitude of
Ultrasound B, %

Solvent:
Sample (C)

Yield %
Expt.

Yield %
Predict

1 5 50 3:1 5.54 5.40
2 15 70 3:1 6.62 6.60
3 15 50 3:1 8.33 8.12
4 25 50 3:1 6.82 8.94
5 15 50 2:1 5.20 5.26
6 10 60 2.5:1 5.89 5.78
7 15 50 4:1 3.91 3.90
8 20 40 3.5:1 5.67 5.63
9 15 50 3:1 8.96 8.91
10 15 50 3:1 8.20 8.16
11 10 60 3.5:1 6.60 6.63
12 10 40 3.5:1 6.75 6.82
13 10 40 2.5:1 5.15 5.18
14 15 50 3:1 8.33 8.32
15 15 50 3:1 8.10 8.07
16 15 30 3:1 6.41 6.44
17 20 60 3.5:1 7.67 7.65
18 15 50 3:1 7.40 7.43
19 20 60 2.5:1 5.43 5.43
20 20 40 2.5:1 5.20 5.26

3.2. Effect on the Extraction Yield

Ultrasonic pretreatment has aneffect on the extraction yield at room temperature.
Experimental results revealed that amplitude of 52.7%, solvent to sample ratio 3.2/1 and
time 15.7 min yielded maximum (33.3% increased) essential oil. The higher extraction of
essential oil by ultrasonic pretreatment might be possible due to increase in mass transfer
by rupturing the cell wall and formation of micro cavities thus enhances the product
yield [21,22]. The disruption of cell wall allows solvent to reach the oil inside the sample
material leading to enhance extraction efficiency.

The least square technique was used to calculate linear, quadratic, and interaction
terms of model and the regression coefficient of intercept were calculated. It was clear that
linear and interaction parameters were insignificant (p > 0.05) and whereas all the quadratic
parameters were significant (p < 0.05).The results indicated that the effect of the time of
extraction, amplitude level and solvent/sample ratio have equal contribution toward the
extract recovery.

The maximum extraction of 8.91% was obtained in run order 9 and minimum extrac-
tion of 3.90% was obtained in run order 7. Insignificant lack of fit as well as quadratic
model’s best fit was suggested through Model fitting using Design Expert Software 10.0.2.
Statistical analysis indicates that quadratic model with F value of 4.47 was significant. The
respective lack of fit value of 4.59 further validates the fitness of model. The predicted
second order polynomial model was:
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Yield = 8.21 + 0.13∗A + 0.23∗B + 0.21∗C + 0.20∗AB + 0.05∗AC + 0.11∗BC − 0.63∗A2 − 0.51∗B2 − 1.20∗C2 . . . (4)

Equation (3) was used to construct 3D surface plots to determine the optimal levels of
variable used.

Figure 2a represents the combined effect of extraction time and solvent to sample
ratio on the extraction yield at the fixed amplitude. It was observed that moderate sol-
vent/sample ratio with increase in extraction time gave high extraction yield. At the
definite amplitude level, with increase in extraction time resulted in an increase in the
extract recovery and reached a maximum and became constant. This is due to the rupture
of the cell wall at optimum amplitude for 15.7 min that help in greater interaction of
oil with solvent and maximize the extraction efficiency. The inner cell wall is at greater
distance and hence the effect of ultrasonic reaches maximum at 15.7 min. With increase
in the solvent/sample ratio, the extract yield increases up to the 3.2/1 and optimum time
obtained was 15.7 min. The findings of current investigation are in line with findings of
previous studies done by Sikdar et al. [26], Fakayode and Abobi, [32], and Giwa et al. [33].
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The simultaneous effect of solvent to sample ratio and amplitude on the extract
recovery at the fixed extraction time 15.7 min is shown in Figure 2b. Extraction yield
increases gradually with increase in amplitude level and later became constant. The further
increase of amplitude leads to the formation of bubbles; which reduces the extraction
efficiency. The result shows that with increase in solvent/sample ratio there is an increase
in extraction yield and maximum was obtained at 3.2/1 ratio and at 52.7% amplitude.

The combined effect of extraction time and amplitude level on the extract recovery
at the fixed solvent/sample ratio of 3.2/1 is shown in Figure 2c. The response initially
increased linearly with amplitude and later became constant with further increase in
amplitude. Based on the responses collected, the extraction yield was maximized, and the
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optimal conditions obtained using RSM were: extraction time of 15.7 min, amplitude level
of 52.7% and solvent/sample ratio of 3.2/1.

3.3. Extraction of Oil

The powdered orange peel was subjected to ultrasound pre-treatment using the
optimized conditions obtained from RSM and was hydro-distilled. The yield of the oil
from UAE pretreated hydro-distillation was 3.2 mL compared to 2.4 mL using the simple
hydro-distillation method. Results show that the extraction increased by33% for ultrasonic
pretreated method as compared to the conventional hydro-distillation method whereex-
traction time was reduced by 33%. Significant effect of sonication pretreatment on the %
yield of extracted oil and time required for extraction was observed. The rupture of the
cell wall and diffusion of cell content through the cell wall after the cell wall break are two
phenomena that help in ultrasound-assisted extraction [34]. The cavitation effect produced
in the sample by the ultrasound waves expedites the release of extractable compounds and
cell wall disruption enhances the mass transfer. The constant value obtained is due to the
equilibrium state reached by the system with no further increase in the extraction process.

The essential oil extraction was faster with theUAE pretreated hydro-distillation
method. The extraction time was 80 min for UAE pretreated hydro-distillation while simple
hydro-distillation required 120 min and the difference was quite significant which can be at-
tributed due to cavitation effect produced in the sample by the ultrasound waves expedites
the release of extractable compounds. Similar results were observed by Vilkhu, et al. [17];
Assami, et al. [35], and Morsy [36].

3.4. Fourier Transform Infra-Red (FTIR) Analysis

The FTIR analysis spectra for both the samples showed the similar results in terms of
various functional groups present in the samples. These results show that the ultrasound
pre-treatment does not affect the composition of the essential oil obtained from the citrus
peel (Figure 3). Limonene was also detected by GC-MS analysis and briefly discussed
in Section 3.5. The intense band of limonene occur at 885 cm−1 (out of plane bending of
terminal methyl group), band at 1460.9 cm−1 (δCH2) and 1680(sh) cm−1 (νc = c). The band
at 1630(sh) cm−1 (νc = c) is due to vinyl substituent of myrcene, along with two out of
plane bending vibrations at 1121 cm−1 and 1033.8 cm−1 and sharp peak at 1513.1 cm−1 is
due to νc = c vibrations of the double bond.

The absorption of α-pinene observed at 759.5 cm−1 is attributed to out of plane
bending, β-pinene absorption band occur at 885.0 cm−1 is due to methylene group and
cyclohexane ring observed at 829.3 cm−1.Moreover, the significant carbonyl band of some
key aroma compounds present in citrus oil such as octanal, decanal, citral, and sinensal
was observed in the IR spectrum in the area of 1700–1720 cm−1.

3.5. Chemical Composition of Citrus EO by GCMS Analysis

GC-MS chromatography for citrus EOs prior to ultrasonic treatment and after the
treatment is shown in GC-MS chromatograms (Table 3). Limonene was the principal
compound of citrus EOs shown at the peak 6 and cover 69.42% of area, followed by
β-myrcene (4.52%) and L-carvone (2.43%) at peak 5 and 21, respectively. Limonene is
single-cyclic terpenenoid and hasa significant citrus odor and bitter taste, α-pinene, β-
pinene and 3-carene are bi-cyclic terpenenoids and β-myrcene is a monoterpenoid and was
found in both samples. The contents of other type terpenoids, such as sesquiterpenoids
(bicycle[3.1.0]hexane, 4-methylene-1-(1-methylethyl) and 2-cyclohexen-1-one, 3-methyl-
6-(1-methylethenyl)- cis), alcohols (β-linalool and α-terpineol), aldehydes (cis- and trans-
citral), ketones (3-hydroxy-2-methyl-5(prop-1-en-2-yl)cyclohexanone), acids (octanoic acid)
and oxides (cis- and trans-limonene oxide) were occupied low concentration (total amount
is less than 20%).Previous studies with similar kinds have used different extraction methods
of essential oil and our results were consistent with themin terms of major and minor
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component identified by GCMS analysis. The major component was limonene and minor
components were β-myrcene, β-pinene, α-pinene, cymene, linalool etc. [37–41].

Separations 2021, 8, x FOR PEER REVIEW 9 of 14 
 

 

 
(a) 

 
(b) 

Figure 3. FTIR graph of Ultrasound pretreated sample (a) and hydro-distilled sample (b). 

3.5. Chemical Composition of Citrus EO by GCMS Analysis 
GC-MS chromatography for citrus EOs prior to ultrasonic treatment and after the 

treatment is shown in GC-MS chromatograms (Table 3). Limonene was the principal com-
pound of citrus EOs shown at the peak 6 and cover 69.42% of area, followed by β-myrcene 
(4.52%) and L-carvone (2.43%) at peak 5 and 21, respectively. Limonene is single-cyclic 
terpenenoid and hasa significant citrus odor and bitter taste, α-pinene, β-pinene and 3-
carene are bi-cyclic terpenenoids and β-myrcene is a monoterpenoid and was found in 
both samples. The contents of other type terpenoids, such as sesquiterpenoids (bicycle 
[3.1.0]hexane, 4-methylene-1-(1-methylethyl) and 2-cyclohexen-1-one, 3-methyl-6-(1-
methylethenyl)- cis), alcohols (β-linalool and α-terpineol), aldehydes (cis- and trans-cit-
ral), ketones (3-hydroxy-2-methyl-5(prop-1-en-2-yl)cyclohexanone), acids (octanoic acid) 
and oxides (cis- and trans-limonene oxide) were occupied low concentration (total 
amount is less than 20%).Previous studies with similar kinds have used different extrac-
tion methods of essential oil and our results were consistent with themin terms of major 

Figure 3. FTIR graph of Ultrasound pretreated sample (a) and hydro-distilled sample (b).

Table 3. GC chromatograph data for hydro-distilled samples and ultrasound pre-treated samples.

Peak No. Compound Name Retention Time Area%

1 Pinene beta 1.842 2.30
2 Pinene alpha 2.400 0.22
3 Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl) 2.492 2.02
4 3-Carene 2.706 0.47
5 Myrcene beta 2.807 4.82
6 Limonene 3.278 58.48
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Table 3. Cont.

Peak No. Compound Name Retention Time Area%

7 Cymene para 3.754 0.34
8 Octanal 3.906 0.59
9 Nonanal 4.825 0.15

10 cis-(-)-1,2-Epoxy-p-menth-8-ene 5.309 4.57
11 Limonene oxide, trans 5.416 3.25
12 Cis Limonene oxide 5.475 0.18
13 Linalool 6.100 1.75
14 1-Octanol 6.178 0.27
15 Limona ketone 6.216 1.19
16 Copaene beta 6.532 0.28
17 trans-p-Mentha-2,8-dienol 6.795 1.97
18 1-Nonanol 7.008 0.16
19 Citral-Cis 7.135 1.79
20 Citral (Gernial) trans 7.644 0.22
21 (-)-Carvone 7.694 2.43
22 Trans-Mentha-2,8-dien-1-ol 7.795 1.21
23 Citronellol 7.830 0.16
24 p-Acetyltoluene 8.162 0.15
25 2-Cyclohexen-1-ol, 2-methyl-5-(1-methylethenyl)-, cis 8.388 3.02
26 Citronellylacetone 8.461 0.47
27 2-Cyclohexen-1-one, 3-methyl-6-(1-methylethenyl)-, (S) 8.493 0.50
28 Carveol 8.611 2.57
29 cis-p-mentha-1(7),8-dien-2-ol 8.788 0.30
30 Carveol trans 8.945 0.18
31 5,7-Dimethyloctahydrocoumarin 9.189 0.11
32 Limonen-10-ol 9.530 0.87
33 Perilla alcohol 9.947 0.93
34 Octanoic acid 10.367 0.65
35 cis-p-Mentha-2,8-dien-1-ol 10.543 0.47
36 Nonanoic acid 10.654 0.31
37 Cyclooctanone 11.177 0.20
38 2-hydroxy-2-methyl-4-heptanone 11.328 0.15
39 Limonen-1,2-diol 12.107 0.29

3.6. Phytochemical Screening of Polyphenol Extract

The phytochemical screening of orange peel and pulp extract prepared using ethanol
as a solvent revealedthe presence of some secondary metabolites such as flavanoids,
saponins, terpenoids, tannins, alkaloids, steroids, and coumerins. Phlobatannins were
not detected in the sample extract. The increase in percent amount extracted by UAE as
compared to conventional solvent extraction method was 33% greater and time required
for extraction was reduced to 50%.

3.6.1. Total Phenolic Content

The standard curve (y = 0.008x, R2 = 0.982) for determination of total phenol content
was obtained by measuring absorbance of standard solution of Gallic acid (Figure 1).
TPC of citrus peel and pulp extract are summed up in Table 4. Phenolic compounds
present in large amount in peel and pulp waste in fruit is an important constituent due
to their antioxidant activity [42]. The total phenolic content expressed as equivalent of
Gallic acid (GAE) was found to be 258.67 ± 1.14 mg GAE/100 g for the peel extract and
735.54 ± 1.83 mg GAE/100 g for pulp extract of citrus sinensis respectively.Higher yield of
TPC is in consistent with the Nayak et al. [43] and is attributed to the greater penetration in
cell matrix and break down of cell wall to release phenolic components.
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Table 4. Total phenolic content and DPPH activity.

Sample TPC (mg GAE/100 g) DPPH (%) IC50

Citrus sinensis Peel 258.67 ± 1.14 44.26 ± 4.87
Citrus sinensis Pulp 735.54 ± 1.83 23.78 ± 3.53

Mean ± SD (n = 3)

3.6.2. DPPH Activity

Hydroxyl groups present in sample are responsible for the DPPH free radical scav-
enging [44]. The lower the IC50 value the higher the antioxidant power. The results of
the IC50 of different samples of citrus peel and pulp are summarized in Table 4. The IC50
value was found to be 44.26 ± 4.87% in citrus sinensis peel and 23.78 ± 3.53% for citrus
sinensis pulp extract. The scavenging activity of sample extracts were in the order citrus
sinensis pulp > citrus sinensis peel. The lower value of IC50 indicated the higher free radical
scavenging activity. The results were consistent with the research of Perk et al. [45] and
Malik et al. [46].

3.7. HPLC Analysis

HPLC analysis of the peel and pulp extract confirmed the presence of bioactive
components i.e., caffeic acid, hesperidin, kaempferol, myrecitin, naringin, quercetin, and
vanillin. Well separation of chromatogram peaks indicated that HPLC conditions were
at an optimum, resulting in better efficiency of separation and quantification. Retention
time was used for peak identification in the sample and the concentration of TPC was
measured using the external standard method. Furthermore, TPC and TFC compounds
were identified and quantified using HPLC.

The HPLC method was validated by means of linearity, limit of detection and limit
of quantification. The limits of detection and quantification are summarized in Table 5.
The method observed linearity ranging from 1.0 to 100.0 µg/g and correlation coeffi-
cients ranged from 0.997 to 0.999. The limit of detection ranged between 1.01–1.20 µg/g
where the lowest and highest LoD were obtained for hesperidin and naringin, respectively.
Furthermore, the limit of quantification values varied from 3.33–3.96 µg/g.

The result revealed the presence of TPC compounds such as caffeic acid, naringin,
vanillin, kaempferol, and quercetin. Table 5 showed the results of presence bioactive com-
pounds in citrus peel and pulp on dry matter basis along with the limit of detection (LoD),
and limit of quantitation (LoQ). Myrecitin was not detected in all samples while vanillin
was not detected in pomace samples. The concentrations (mg/100 g DM) range found
for polyphenols in citrus peel and pulp were: hesperidine (20.11 to 31.52 mg/100 g DM),
kaempferol (0.51 to 5.62 mg/100 g DM), naringin (3.12 to 3.63 mg/100 g DM), caffeic
acid (0.83 to 1.76 mg/100 g DM), and quercetin (1.06 to 1.13 mg/100 g DM). Vanillin
(1.21 mg/100 g DM) was found in citrus peel but no detected in pulp extract.

The result revealed that the presence of TPC compounds such as caffeic acid, naringin,
vanillin, kaempferol, and quercetin. Myrecitin was not detected in all samples while
vanillin was not detected in pomace samples. The concentrations (mg/100 g) range found
for polyphenols in citrus peel and pulp were;hesperidine (20.11 to 44.73), kaempferol
(0.51 to 11.27), naringin (3.12 to 5.91), caffeic acid (0.83 to 3.85), quercetin (1.06 to 1.69) and
vanillin (1.21 to 1.64).

Previous studies of a similar kind determined different classes of bioactive compounds;
however, our results were consistent with those of Ma et al. [47], in terms of enhanced
extraction by UAE, whichresulted in the release of free and bound bioactive compounds
from peel and pulp of citrus sinesis. Hesperidin was found to be the highest concentration
in comparison to other bioactive compounds [48].



Separations 2021, 8, 244 12 of 14

Table 5. Bioactive compounds analyzed using HPLC.

Bioactive
Compound

Citrus sinesis Peel
(mg/100 g DM)

Citrus sinesis Pulp
(mg/100 g DM) LoD (µg/g) LoQ (µg/g)

Caffeic acid 1.76 ± 0.04 c 0.83 ± 0.01 b 1.16 3.83

Myrecitin ND ND 1.12 3.70

Hesperidin 20.11 ± 0.38 d 31.52 ± 0.53 e 1.01 3.33

Naringin 3.63 ± 0.34 b 3.12 ± 0.15 c 1.20 3.96

Vanillin 1.21 ± 0.06 ND 1.19 3.93

Kaempferol 5.62 ± 0.61 a 0.51 ± 0.05 a 1.15 3.79

Quercetin 1.13 ± 0.05 a 1.06 ± 0.02 a 1.10 3.63
Mean ± SD (n = 3); a–e showed the significance difference (p < 0.05); ND = Not detected, DM = Dry mass,
LoD = limit of detection, LoQ = limit of quantitation.

4. Conclusions

The waste generated by citrus processing industries contains byproducts such as
essential oil, polyphenols, and flavonoids. Valorizing waste increases the potential return
and also helps in protecting the environment. The pretreatment ultrasound technique has
the potential to be a modification technique for fast and efficient extraction and greater
yield and thus save both energy and investment cost. It retains higher aroma antioxidant
and antimicrobial properties. The release of essential oil from ultrasound pretreated sample
contains essential oil volatiles, polyphenols, and flavonoids. The ultrasound pretreatment
modification proved to be effective at the amplitude of 52.7%, solvent to sample ratio 3.2/1,
and time 15.7 min. Thus, a combination of the emerging technology with conventional
methods is an economical alternative according to the industry demands and sustainable
development. The ethanol extracts contain the full spectrum of active compounds with
excellent antioxidant properties, which make them beneficial ingredients for food and
medicinal products too.
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